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Research subject: The rise of bacterial infections has become a serious
problem in human societies. As a result, the development of nanocom-
posite materials based on biocompatible and non-hazardous materials,
besides having antimicrobial and biocompatibility or non-cytotoxicity,
associated with unique structural properties, possesses a great impor-
tance.

Research approach: In this study, bacterial cellulose (BC)/polypyrrole
(PPy) and zinc nanoparticles (Zn0), which simultaneously have anti-
microbial properties and cell proliferation, were introduced as a new
generation of nanocomposite scaffolds produced by freeze-drying. To
begin with, ZnO with different weight percentages of 1%, 3% and 5%
was added to BC and then PPy in the amount of 2 mmol was embedded
in the structure by in situ polymerization.

Main results: FESEM images proved that the nanofibrous and porous
structure of BC was also preserved in the presence of PPy and ZnO.
However, after adding PPy and ZnO, they formed a dense structure and
microstructure of grape clusters. By adding 2 mmol PPy into BC and
upon in situ synthesizing, the tensile strength and Young modulus of
BC were significantly reduced to 71 MPa and 2.5 GPa, respectively. On
the other hand, with the addition of ZnO nanoparticles, the mechanical
properties significantly increased (both of Young modulus and tensile
strength compared to BC/PPy samples) due to the compaction of the
nanocomposite aerogel’s structure and the formation of the interface of
ZnO nanoparticles with both polymers of BC and PPy. The observation
of the inhibition zone in the culture medium containing two gram-pos-
itive and negative bacteria, well proved the antibacterial ability of ter-
nary nanocomposite scaffolds. The results of MT9 related to L929 on
aerogels showed that by adding 3% of ZnO nanoparticles, adhesion and
cell proliferation increased significantly during different days of 1 day, 5
days and 7 days of culture.

*To whom correspondence should be addressed:

azadeh_asefnejad@yahoo.com


https://arcpe.modares.ac.ir/article-38-45771-en.html

[ Downloaded from arcpe.modares.ac.ir on 2024-04-11]

[ 59301 133906/ b 5L 3 gl A 9 (9 5 guolS 931 s 510 W 5
o o S § (99 550 il (w5 9 b Jg

T 835995 ol Glag ! ciox 031 cymm dudl 015 ol 0131 (g yuus Gy pi
" $276 259 Sledew

Sl ey oDl ol3T ol8zils «liims § pole axly « Sibpy (widige 03,5 )
Olpl eyl el A*E.isiuf pole olRiils (60,015 (65509590 uioss 35 50 ¥
Olnl eyl (ool ol olRisls cliass § pole axly ¢ o 9 Cid cwdige 095 T

ez )0 oz (ISt 4 (b S slacisie il i G £ 9mdge
s (=3 55208 gL Slgs dxwgi ol ol il oad J oS e
B ol ca S el gl s g e Sle—s
Sl ele2 (I S pa e L ()55 Lwcinj g (o9 Seend
RGN B NSNS VR | FRIONY 51 U W PR L4 N S PR U P PRU 0N

5 PPY) Jo sk 1BO) (b S el i pngn (ol o 1@z (9
CblB g 9, Ko ol gl lsjen a5 (ZN0) (59,0—nST Ol,34 0
a4 aalS gl 5ol 5l amaz S plemeds i il (Jslw iS5
lal ol ol jm 0l (8 e ol o el (golasdil (0, S St g,
PPy s g0 4 8LSIBC ay 20 5 2Y ) (alize S35 sloas,o L, Zn0
Al Al je S ksl o Lo s o bs eads B9, 40 Y mmol jlaae jo
Jdin 5 adgil Ll a5 5, 5 OLSIFESEM ,glas : Lol oL
3 PPy (505581 5l o v o il ouds Laa> 35 Zn0 4 PPy 4 s> o BC
098l L asiols LSCis (6,60l aligs LSl ) g 0ad 051 e L5l Zn0
J=B jsbbay BC SSL Jgos g (it a8l PPy 3w g BC 4y ¥ mmol
G9—w 3l dumw, VIO GPa g V) MPa olie a4y s jay g a8l 2alS 4o
8l s JB Sl Sl ol 20 S35 b (058 Ll
(BC/PPy (slpdigas Ly auglin o —iuiS plSoviwl g KoL Jgus iml33l)
ol 5 55relS 5 53l S5 (i 00,5 s s £y m (ol o5
el PPy 4 BC , ooy 90 L Zn0 &l,d550 S e Jnd JSCid o imon o
5 S p 5 (6,SL g0 (golo S laxe 4o Csilow 4l g adle cnnline
|y 57 A (o235l (Sl (ol 550 B g i
L as ol s beeay s (55, ;= L929 any by o MTT zols o,5 oLl
bz slajs, (b o Jobw 2S5 5 (Saies ZN0 Sl,5950 11T 3953
Sl (g 2B Al EaS 559, Vg 59, 0 595 )

S sbe
S5 $U Syl
Jormch

9, ©lyd5l

& e

HEA P Ly PLowes S
azadeh_asefnejad@yahoo.com


https://arcpe.modares.ac.ir/article-38-45771-en.html

[ Downloaded from arcpe.modares.ac.ir on 2024-04-11]

L slads esbol s Sligll lsl any oo Lo
6l yorly los sl DAY T o 5 al 1) oy b
=l o 2l JJoa BC 55wy 9 o2l
Cols (gl g J Sl (guman LSl o
Sl i) 9 B lwian; Y maw
) G e el gl e —eay [Y1-) ]
ol sla ol 5 Dyl 8,5 jo sl B
Al ;3 g 03,5 By hane 0p > 4] ol Sl
5 (S M 9 S laion gl el lay S
Sy o ieealS b el |3l ocul Jlw as,
oolaiwl 8,5 (ganai o L3 lgcay BC/PPy/ZnO
9 S ple > o> ;e [YANVYY] cs F I
0SB Zn0 (S35 00,0 ;i L ol ()8 jlaens 5
ol JLLAST 8 9o Lol 8 jgliws il oais 3,155
G ls 5l o s asl) g cslw s
Olo—med (=l St Jolow SLIGL anl p (0 j9malS 6L
msbis (6,5 sl s CblE Ly (g ,Sad (slosls

ol (ol iS5 g (S 6l

Guid (o9 9 0lge ¥

é‘,.o \-Y

LS el a0l 1 (0 59alS o adgi (6l
=9 45 ((m29,500) (=Sl sl s any 5l oz
gkl S bgtalgisS olS S5l o lo Sl gl
4= =Sl el 0gbge 4 ele lame o
g (Vex) e cm) (e ioe oll Lo g J59,000 & jao
Ok ook (il &5 1 2F sl o ijg 0
Js—2 Lo o= rogige (loord ools a b a5
S Sl egise ly—ear A S CHIN plo
S =l amle oty g bge ooliiul Jg,
oI5 D) pnl s ays Lol (Merck) S
£ 5l SloariSa S| a5 FeCl. sl Jya b
P9 9ot Wl Clasas Jsr Ga—Ss ek
sl SIS 55000 0l 4 Ol S e 05,0
4o y¥ge Lo (Helxe Glyiea HO olior b Jg— )9 Lo
S b 5l gmle S jpgmemdy Jg sl o sl gt
Jseyp L ailoce 0 5T s a s olall 5, s
a0 w b i plesea n(C H 0) obe—>
A oldl S o a8 il ool ciS Ay gl
NaOH @L,.m_.,; Jo— ¥ Lo o wSg 0 RTINS
S &8 0 5l Jodore ©)5moty el (sotnnd lm
Js—es8 L 59, 2S5l cmilad 55 5 0 4 (Lol
b lawgie Ly (b St sl 50 aes (6l,o 1700
IRUPS RUCN HON | I NI SRS BN ONS LA 7o

b g, V-Y
AN (GadBee 35 sleds o L Zn0 ol 3450 Tal

ok 4l 330l 5 el a5

4o )
G aalez 5o oz (S an (b S slacdsas
ol dlasy a¥lw 550 (g 3l il oo Juaw
3l =3t slacisae ;51 50 ol ol o po,—
Oo—=lpls wes s s ) 0e 5l g
=L el ab ey lo [N o, o a4y
(6,8 3wy J—Jo 4 «(Bacterial Cellulose (BC))
Sl Jdo an Ll el m9,5000s Cpols 0318
Al g o) gl el (6 05 0, 84 pastie
Sy aales T 58 1g,Sens ol slsul g @l,3450
Sty Ols—ear s 5l ey BC bl ol
Zinc Oxide (Nanoparticles)) (gg,0uuST &l,3450 5w
osl—w g, Lo (PPy) Polypyrrole)) Js,— b 5 (ZnO
slalelw L5 0,5 oo 5,8 ooliiwl 0,50 (g5lwarac]
JPEETS, GURW- LI 7l ST EF - W S PR/ W PV SR C
De— oolaiwl 3 Jolw i3S 6l o g
ladilelw )3 gag 9 00 Hobty L (59,905
S, 595093 5 (VL (s Cobine 5l S0 (6518
BL TS| MEWRN ST Y Op N SRS Iy P P Y PR W
O y9mo ml am (2l S has ool Glsieas (g5, 3550
13900 L agalae g Jolio o Jolow slze a5 el
0,lem0 g a2 oo Cwd I 0g 5 SO STl y5leT (g9,
ol S s g St o0 )5 Jshow l pdbgin il
ool ylg—eay BC ;0 Zn0 3l ool ul |2 o a8 o &,
Sy IFF] auns 5 s —Stas Y] 550615 ,5
ol ) (55 o sl Jd 5l (sland iy
&l @3y g do S [£] (65,00 0,58 sl Il o]
slecus s asls) PPy 5l J e =gl slo Lsl
o b Lo alin e a il oo (a9l
5 819 0 g oz e [V] oS Ll 1) Jolw s
S e LT oS (s anl Jesar ool sla el
S Sl g, i el 00 Sgasme Loy
(Biomacromolecules) ol JsSgog,Sloc—n;
5 Ly oo ek gl « B g i plyea,
o 5l emla b JA] ax s g5lwo el loas S5,

YA ok - oo ot 2,1 e gy sl Ay G (Shpg oole aclidlad


https://arcpe.modares.ac.ir/article-38-45771-en.html

[ Downloaded from arcpe.modares.ac.ir on 2024-04-11]

b by (0 55eelS Gl Calo w s

oS58 Ly e Sl A g i Ll
Bt sladionl slosdises oSS
L —aiS oles (6 Sl oo oo axlw
&S ,—5 D638 Jo [Universal testing machine sl
wele o, =Soslail s laskwl s 3-las s Gotech
sl 00 ool (6 oy Slans 5 Lapld Sl
el oS tlejl oo gl g Loo Lyl 50 (y5s5]
L i & gm0 a ol (slpdiges .ol 0u i
g s 50 oolwl Vo mm xFe mm x+/) mm ol
Y olKiws S8 g0 alols .cwl 009 O mm/min S
Simlesl 050 a5 O L Y el ;o 10 04 e il
> S gl e jlesleul Ly e85 1,3
sos Jmeed 5 Ll (oS ol 5 Lntisas oy
5 s s oo ool 5 it oSl oSy
Ja_‘muaMLgL_‘oow_Ja.uLgb_» | Cwd Ay
oS 5 Class 1 IPX0 Jos ;o5boSsT olfiwo 3l ciS
oddl i .o oolawl /) °C c8s L |, | Behdad
A5VA 016259 Jas (555 5Ss,Sen Ly Lnis 55,
— e 3loi ploul o LaJT Ziess o5 ,—» Type B
1V &35 L mgiz 0,5 ISTEK &5 i CP-500L Jus
=98 i ool wl ciS laoxe pH (6,5 05l08) (6l o
Kern 5,5 Type ABS,120-4 Jos 595!, L Ladiges
OO N FCT TR V-SCOMIN Y-SR JUR VPV S N SN |
E. coli 5,—=SL , ol ,0 BC/PPY/ZnO ;5,005 g5
Ols—eas S aureus « oo p, 5 5 ,=SL Jos lgea
Sy 3588 gy bagh St 0 € (6, 35T, Ja s
00l odaliv adls Coles ‘U»Lml u..:‘ PRI WY
g—bes byrye 6 Sk o) pae 4>l lyea
sl jo oad adgy sl o lacul g baie 0l ol
Vo SISl dangy e g 00 00y ,ie Jo Do xB
Qe v dga> (gdwm a0 ,0 B0 d (g i do )0
St bazme g cdly JUal S0 2 59, 4o Jobns
S0, ¥ e e (anga b esg 8l a4 8

aslllas 0590 o Jolow (Soinz g iS5 0 pladl
=L, o,9—0 MTT O9—e3l ) ooLé.‘;Twl Lo LaJjepl yo
6‘)_.: Js‘d_w ‘5_.«..:5) walw UH)‘ U‘—"‘ 0_4_5))‘ )‘)_9
cdled 5o,k sleas; sla Jolw cdled (5, Sojldl
3° Ze—wl (Mitochondria) s ,0—Ssice mloi-)59,000
MTT Jslxo (Tetrazolium) pgJ3l 5 Sos o951 o
(5—]0 ) s ‘é_’Lbus).AS.” 41»._..:5—4) S| &_3) Sy) as
oo ol3T 0as Jolow (5 008 gie o Lol g ialuST onl
Bien Jmad Olily8 S (Hlse ) ek 4
wad gl ciS lae 5 J5g,ml ol e daie oo
Tl o 09—t (o 00ls 1,3 MTT Jgtoeo ;o s
Jsdze YV 2C slos jo ;550 4o (6,05l celw
J—ol> lile)98 slojsh 5 00y slaJslow (g5l MTT

Sy on 03 ot el s oo d ,hafie Ol 0 %D 4
ad> po ol 5l ey ] Cwots o Sen (o bglsie Ls
5 (FxFx- /Y cm) oo p ase i slwl Lo BC J3g,02
Sg—s o 08l Zn0 55U 5 0| Csddy slo ol
Shaking) .l;,J ailxe,S J=lo ;0 YF h oe & w9
50+ °C 59, i ypdy | e p s g Lo 45 (Incubator
plas! 5l oy 09—t o o0ls 1,8 0a s pdas VO rpm
[2bSbel— (55l sladig e ol
Jsrmt =l Jstome 5o celos ) e 4y (g9, 9Tl
LS 09— o 03l 41,80+ mL o Y mmol/L clale L
5 om0 398 1 ) g yogige JalS j5b 4y
(0 mL) cosS o ST Jodoee 10 Ji9 00 dd> 1o o]
g adlalo)ls I, 8 a -0l sles j0 4 S FeCl,#H O
auly8 L5 ogd se 0ol Loy ol an celw V Sas 4
Sy s> yo bl ey 098 ploml (s ey
SIS g0 S ol dy ks ISl sl p002
b e liaBBe ol 6 pady caimo i sl ol aS
ST 1 e S5l i 5o ] s 5 g
ety ey SV gmara cgiany Al e 50 Ll 59,
gl calbl Lo og i oo aiucls ;- hado Ol L a g ye
=bS bls g 03905 o] 5l eolas STy ola pegige
el VIO Jg 4 c0iS 0S| (oo cond a5
Frim =908 56 slmJigyiem s ST Al pe 0
-0F °C sl jo golaxil 0, 5 Sis by, Lo o
aSlw gladses a5 el 58 LLs aos Sis
BC/PPy- ¢ BC :iois (5,0 508 , 5 olwl ;0 oui
N aliss 59 sloas,s L BC/ZnO (BPY) Ymmol
3 54 PPy I Y mmol cllale o ouis ezl O% 4 Y4

Woi ¢ li_5l BZ5P2 4 BZ3P2 BZ1P2

Oy g LrolSws Y-Y
=5 e ol olyT ol iils golal S Sis olKiws
gy dm Ladised 50, 5 Siz ol ool el
el ey yo—tiie 4y 0l oolaiwl (gol ezl
b L oo g 5l e c0ad aJgi sl 59!

f0--SEM FEI Nano oo Ly FESEM (5ol
yo—a Sldl jedate dy e ad solaiwl 013
05231 5 39S 6l S5 ! Sl 50 (59, S35k
242C Ja—o DMA oo 3l Mapping L ol o EDAX
Sl w0 (5l o oolaiwl o LaJT Netzch oS5,
) BC G slasisn 5 (ol (slaog S ¢ olood
($9y0—S1) ZnO 4 (Jg,—u k) PPy Lo (—b sSL
slod ;o g Fee -0 cm” bogosw ,o FTIR bg, 5
PerkinElmer &5, & Frontier Joo olSi—wo 3l 5LJI
dos peawlin Lo aals sladiges .o solawl IS5 !
Dol yd b S A 5 0l s oo gl
g o3, 8 ol s ;o sadoolel (sl mdiges

oy = (o (oiien (69, S Giagl (sl 4y o (g (oele alidlad P


https://arcpe.modares.ac.ir/article-38-45771-en.html

[ Downloaded from arcpe.modares.ac.ir on 2024-04-11]

4..5&..».»)‘54)_.‘4’34_.33009_.3%\’ )_J)L..mdqgm‘s..ow
A g0 gl ZVIA Sqa> a g a il ialS 5 K i
OS5 (+1-YY glem”) IR o i g0l ol
550 Gladiges L awslae jo 1) (ZAY) J 5o ooy
5 287 b e a1 e JB BC cuglo o)ls
eals g I w18l sl /YA glem” B>
Ol ) Rl 8l Ji9,—l slndiges Jsdou
O =S 4 o BC JLs v as 35S a
3,8 Aol e o il plo Lols LLS I PPy 4 Zn0
Algs oo J59ml lo—ieds ca s aslw slac—nlo

ok 4l 330l 5 el a5

NSy sl sola Jo-lg gl Jodoee 50 0ad
L Jsome 69— 2 e 09—to0 Jo Sy
QY+ zo—s Job ;0 (5,9 B oK ws jl colai il
o o Lol slaas o olBlad e el
DAz e g 99Bes 0ot St plile g il Bl

mbos il (5 9

co g mbs ¥
Slad)ls Sl 5 (S b olsS 4 Lo e xS
S5 5 155 o IS alar 51 BC Al (o slS
aS e boled ol ood A ME ) Jga o Sl
dmoy3 g (B Ladiges (caled (sl 9930 oualia
J59ym] smode Cam y25 0050z ;0 00 dlee s
03gate )3 oS ool 3ed I gAY J )
bl o en ol 8 (/0 Ls +/++F g/em”

(CC) alises 5,5 Ll s 5o (59,5 cilizes g5 p0 lalos V Jga
Table 1 Temperature of extruder zones at different working conditions (°C)
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Figure 1 FESEM images of BP2 aerogels at different magnifications (a) 25000, (b) 50000, (c) 100000.
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Figure 3 (a) EDAX spectra and (b) Mapping images of nanocomposite scaffold of BZ5P2 at different contents of ZnO at
(1) 1%, (2) 3% and (3) 5%
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Figure 5 FTIR spectra of BZP2 nanocomposite scaffold at different ZnO content of (a) %1, (b) %3, and (c) %5
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Figure 6Stress-strain curves of fabricated scaffolds.
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Table 2 Physical-mechanical properties of fabricated samples including Young modulus, tensile strength, and

elongation at break.

Sample (GPa) Young modulus (MPa) Tensile (%)Elongation at
strength break

BC 6.1 181 7.1

BP2 2.5 71 5.9

BZ1P2 3.8 98 5.9

BZ3P2 4.2 130 6.3

BZ5P2 4.8 175 6.3
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Figure 7 Antibacterial activity of fabricated scaffolds against (a) gram positive S. aureus and (b) gram negative E.coli.
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Figure 8 MTT results for pure BC scaffold and nanocomposite scaffold containing PPy and different contents of ZnO.
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Figure 9 Morphology of cells on the (a) BC, (b) BP2, (c) BZ1P2, (d) BZ3P2 and (e) BZ5P2 at (1) first day and (2) 7th
day.
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